Background: Serum-ferritin levels may be associated with psychiatric symptoms among the elderly; however, this association has not been extensively studied. The aim of this study was to evaluate the association between serumferritin levels and mental health issues in older Koreans. Methods: This cross-sectional study included large-scale national data from the Korea National Health and Nutrition Examination Survey 2010-2012. In total, 1,802 older Koreans (≥65 years old) were included. The assessed psychiatric symptoms included short sleep duration, stress, depressed mood, and suicidal ideation. Any association between serum-ferritin levels and mental health issues according to sex was examined using logistic regression analysis. Results: The prevalence of short sleep duration, stress, depressed mood, and suicidal ideation was 50.9%, 21.7%, 18.2%, and 22.5%, respectively. In men, suicidal ideation decreased with increased serum-ferritin levels after multivariate adjustment for sociodemographic and lifestyle factors and comorbidities. The odds ratios (OR) and 95% confidence interval (CI) of suicidal ideation by quartiles of serum-ferritin level were 1 (reference), 1.132 (95% CI, 0.569-2.252), 0.453 (95% CI, 0.217-0.945), and 0.608 (95% CI, 0.295-1.253), respectively, (P for trend=0.039). In women, no trend was observed. However, compared to the lowest quartile, short sleep duration (<7 h) and stress perception were significantly decreased in the third quartile, with odds ratios of 0.601 (95% CI, 0.461-0.888), and 0.606 (95% CI, 0.386-0.952), respectively. Conclusion: Moderate serum-ferritin levels were associated with decreased risk for suicide ideation in men, and were associated with decreased short sleep duration and stress perception in women.
INTRODUCTION
Psychological wellbeing is a prominent component of public health, and insufficient sleep affects mental and physical health among the elderly. 1) Stress can cause physical problems such as diabetes mellitus, hypertension, and cardiovascular disease, as well as mental problems such as cognitive disorder and depression. Individuals who are often exposed to stress may become depressed and develop suicidal ideation in severe cases. 2) Depressive symptoms have a high prevalence rate in Korea; according to the 2011 Korea Health statistics, 4.8% of adult men, and 10.1% of adult women experience depressive symptoms. 3) Depression may be an important risk factor for suicide, and Korea has a high suicide rate among the Organization for Economic Cooperation and Development countries. 4) Iron is an essential inorganic substance for normal body physiology. 5) It is an important component of hemoglobin and is involved in blood oxygen activity, brain function, cognition, and behavior. It is also essential for thyroid hormone synthesis and protein metabolism. 6) Serum-ferritin is an iron-binding protein that is distributed throughout the body, and serves as a biomarker of the body's iron stores. 7) Reduced serum-ferritin indicates iron deficiency, which may lead to changes in mental and cerebral mechanisms, emotion, and behavior. 6, 8, 9) In contrast, chronic inflammation and oxidative stress may act as a link between elevated serum-ferritin levels, which may contribute to cellular or tissue damage. 10) A previous study revealed that increased levels of serum-ferritin were associated with major depression in patients receiving chronic hemodialysis. This suggests that systemic, lowgrade inflammation plays a role in the onset and course of the disease. 11) Consequently, we hypothesized that serum-ferritin might be associated with mental health. However, to the best of our knowledge, few reports have demonstrated this association in large-scale human studies. 12, 13) This study aimed to investigate the association between serum-ferritin levels and mental health issues (such as short sleep duration, stress perception, depressed mood, and suicidal ideation) in the Korean elderly population, by examining large-scale, nationally representative data from the Korea Health and Nutrition Examination Survey (KNHANES) V (2010-2012), with an ultimate goal of clarifying the mechanisms and characteristics of mental health in the elderly. 
METHODS

Study Population
General Characteristics of the Participants
Serum-Ferritin
Mental Health
We analyzed survey data on four psychiatric symptoms. Sleep duration was divided into two groups, adequate sleep (≥7 hours) and inadequate sleep (<7 hours). 14) Stress perception was assessed by self-reports with the following question: "How stressed do you feel during your usual life activities?" Based on the report, the participants were classified into two categories, a high-stress group and a low-stress group. Depressed mood included feeling sadness or despair continuously for >2 weeks during the past year, to a degree sufficient to interfere with daily life. The participants were divided into two groups, depression and non-depression. We also asked participants if they had experienced suicidal ideation during the past year.
Statistical Analysis
We obtained data by complex sampling and considered strata, clus- 
RESULTS
General Characteristics of the Participants
General Characteristics of the Participants according to the Quartiles of Serum-Ferritin Levels
The characteristics of the study participants according to the serumferritin quartiles of men and women are shown in Table 2 and Table 3, respectively. Men with low serum-ferritin levels had low household incomes (P=0.011). There were also significant differences in alcohol 
Association between Serum-Ferritin Levels and Mental Health
DISCUSSION
This study examined the association between serum-ferritin levels and mental health in a nationally representative sample of older Koreans. To the best of our knowledge, this is the first reported study to explore the link between serum-ferritin and mental health.
We found that men with lower serum-ferritin levels exhibited a trend for higher risk of suicidal ideation, and compared to the lowest quartile, suicidal ideation was significantly decreased in the third quartile. High-impulsivity has been linked with low-iron status in some observational and experimental studies. Moscicki 15) reported that low-iron status may be associated with suicide via the pathway of increased impulsivity. A sufficient amount of iron is particularly important for the synthesis of serotonin, a neurotransmitter that plays a significant role in mood disorders and impulsivity. 13, 16) Studies on the serotonergic system have found that serotonin was reduced in the ventral prefrontal cortex region, resulting in impaired inhibition and a greater propensity to act on powerful feelings such as suicidal or aggressive feelings. 13) However, in the present study, depressed mood, a considerable cause for suicide, was not associated with ferritin level.
This result may be related to the characteristics of elderly depression.
In the elderly, depressed mood may be less prominent than other symptoms, such as loss of interest and appetite, sleeplessness, and anergia. 17) Our study also found that moderately elevated serum-ferritin (Q3) levels were associated with a decreased risk of short sleep duration in women. This association was also independent of several confounders. The relationship between sleep duration and serum-ferritin is widely known, and low ferritin level has been associated with restless includes intense physical activity more than 3 days per week for at least 20 minutes, moderate physical activity more than 5 days per week for at least 30 minutes, or walking more than 5 days per week for at least 30 minutes. § Sleep duration less than 7 hours.
leg syndrome (which disturbs sleep), and in a previous randomized blind study of restless leg syndrome subjects, the symptoms were relieved after oral iron supplementation. 18) However, although an association with ferritin and dopamine was shown, the ultimate mechanism for restless leg syndrome was not elucidated.
Stress perception was also decreased in older women with moder-ately elevated serum-ferritin levels. Several previous studies have explored the relationship between serum-ferritin and mental health, (mainly depression), with conflicting results. 19, 20) However, few studies have investigated the effect of iron status on stress, and the precise mechanism by which lower serum-ferritin levels might cause stress remains unclear. 12) A possible role of iron in brain function and emo- vanced iron deficiency, alters myelination, and neurotransmitter metabolism and function in brain regions such as the hippocampus, striatum, and cortex. 23) In particular, a sufficient amount of iron is needed for the synthesis of dopamine, a neurotransmitter that plays an important role in mood disorders. 24) Additionally, the observed relationship between decreased serumferritin concentration and mental health differed in men and women in this study. The inconsistencies may simply be due to the differences in total serum-ferritin levels in men and women, since lower serumferritin concentrations were more common in women. Ikeda et al. 25) found that estrogen regulates hepcidin, a liver-derived iron regulatory protein, which plays a crucial role in iron metabolism. A recent animal study showed that the serotonin transporter decreased in the frontal cortex, but increased in the nucleus accumbens in females, if an iron deficiency was present. In males, an increase in the serotonin and dopamine transporters was observed in the nucleus accumbens with iron deficiency. 26) However, the association of mental health and ferritin in males and females was observed in the moderate, but not high ferritin level subjects in our study. Serum-ferritin is an iron storage protein but also an inflammatory marker that may be released from damaged cells, and could be a marker of cellular damage. 27) Therefore, increased ferritin may be caused by inflammation (and not iron overload) in subjects with a high ferritin level. Consequently, the mental health and ferritin association may be complex. For example, in another study, high ferritin levels were associated with liver or renal disease, and malignancy. 28) In addition, in our study, daily iron intake was not significantly different in each group; hence, the cause for the high ferritin levels was unclear.
The principal strengths of our study were the large-scale, nationally representative sample of older Koreans, and the investigation of the association between serum-ferritin levels and mental health after stratification by sex. We also adjusted for potentially confounding factors that could influence the results. Mental health is associated with many socioeconomic and lifestyle characteristics. In addition, serumferritin levels are related to patient disease history, such as hypertension and diabetes mellitus. Also, inflammatory markers, such as WBC counts, may be additional confounding factors. 29) However, this study had some limitations. First, this was a cross-sectional study, and thus we could not identify a direct causative relationship between serum-ferritin levels and mental health. Hence, further prospective studies should be conducted to establish a causal relationship between serum-ferritin levels and mental health. Second, mental health was evaluated by self-reported questionnaires, and such research instruments may not constitute a sufficient assessment. Third, cognitive function was not included in our report because of lack of data. Cognitive function is an important reflection of mental health in the elderly; therefore, further study is needed.
In conclusion, low serum-ferritin levels were associated with an in-creased suicidal ideation in Korean elderly men, and increased risk of short sleep duration and stress perception in Korean elderly women.
